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Abstract of JP2001 226449 

PROBLEM TO BE SOLVED: To obtain a photosensitive resin and a composition thereof capable of 
providing a liquid crystal spacer having high photocurability and excellent in properties such as a 
mechanical strength and moreover capable of imparting alkali-developing performances without 
sacrificing photocurability for providing a columnar spacer capable of controlling and keeping the 
interval of sheet bodies of a liquid crystal cell to a constant value for a long period in a large- size liquid 
crystal display device. SOLUTION: This photosensitive resin composition for the liquid crystal spacer is 
used for forming the liquid crystal spacer for keeping the clearance between the sheet bodies to the 
constant value in the liquid crystal cell in which a liquid crystal composition is sealed between two 
sheet bodies separated in a uniform interval and characterized in that the composition is obtained by 
reacting an epoxy resin having three or more epoxy groups in one molecule with an unsaturated 
monobasic acid. 
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Sffl^^i* A £ titers. H Hz ii/ k: *5 ^ r . M ttt*<Dffltra 
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0/cT;U3 -;i>ftb K n + S/;H*W-r 5 ft o t 
fcd:<, b KP*s/;u»©»aE«:j:ort±ttx^--^- 
©ffit«{*^©«^^«t0— »^»*ctts. ceo 

0 . IS*W«c«3^»I8*Q^^r«S^fiE>Jt*sfi 



1 



(3) 

3 

«-f SC4 4&S**, x#*->8JjitctJ©xtf**/g©£ 

[0 00 9 ] ±f3®?ttt«lflg*5. $ 6jc. xtf*MfiJ)i 
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-;l/£©x;*7^M t^^tf 6 ft S . 

[0 0 2 2 ] «is«w^ttaiM^«7 x s-)i>m<D 
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8 0 °cr\ f^a*© #«?ai<Dff set. ^wfo+^> 
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3, 6 h 'HV^7*- h 'J ^ 

[0 0 2 5 ] raaSttnj(R*»(DA#ff)d: Lttt b*7 

xx;i,f~ h^^u^>®~^7K$3, ^7£u>f 
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7 x -/-;Wb^*©7 x y-;M4b Kn*i^;L**SjS 
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Itl^i, X^5/ItigJfeWtC7x>'-J*t Fo 

Srasccct ot, ^ x y^^S4/M>/cr;U3-;uttb 
FP-t^H^iA^n^Cii^^ -7d, m©xrj< 

A^? ft-c *5 0 . c ©sis^^fi^W bHStcggtst* £ a 
So cos*. Wb!»<7>?e»£*>&, 7?#JS^cfc^r^ 
re>ftr (7x7t^i^U) 7xy-;Wt^* 
^cDr;i/n-;bttb Kn^rVJb»3Wafltr SC <bcc^ 
So tCDictb, COM KD*^jU»JSB*t«jS*6©WJ 

ffSo 
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(0 0 2 9 ] C<Dcfc5*^xy-;Wt^©A^II<bL 
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b + UV-Jk fc Kn^^^^jU-^- 

x£y — ;k p-bFP + i/7x-;b-3-^V- 
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^>x^^l/^/- Jl/^GD bKD^T^^^jy- 
;U£/cteb Fp+V7^^ u^-ju ; b Ka+s^Sc 
ASEK. bKP+^>7x^;U$im bFPt^x 

%a£s x^t/>^'Ja-;K 7'Pb'U>^'J^;k ^ 
y^n~;ui?£<Dxx^Wtft ; ex ? * y -jkd^t y 

bi/>t*f F^fwen, cn^cDis^ 
fctt 2 ««±* jbi» * c <t #r * s. 

(0 0 3 0 ) x#*^»J!Bi7 * y-;Wk^fti©JK« 

cfc 0 ?fton*«3^JSjCte J: x ✓ -Mt&to<!>tm 

[003 1 ] x T^0-S1K, MBS 

tc*t U , 7ttRMKSet <t MS StfJte J: tfr ^ 3 - juft 
b F a + i/;H4S-f 5 7 * y - ;Wk^»(c$4 x 
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<Dx#^>flf}J!g l *JWC*tUraRffififfJ#0 . 02- 
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0 2-0. 8*^i&Scfc5k:JSJ£SltSCi*s»SL 
(0 0 3 3 ] T^n-M4t Ka+^bSSrWTS^ * 
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(0 0 3 4 ] x#*->«ffi«:qFttSl--tt»M«:RjeS* 
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cfc o r L/cbFa^v ;us*s cfc / £ /c \Zm IE 7 x 
^ - ;Wt-&*©fflra <fc o r m A $ n/cr ;u a - ;H4 1 

Mft4f5C <b*5*c*S 0 SUfrftTfr* U35Hfctt*R 

*ft*R*6«*«JB+© t Fo+ l fb^fi^c*f 
U0. 1 — 1. l^UJgjS^lf^icfcl^ 
40 ( 0 0 3 6 ] WmWtot Uttt, «M7Kn 

^;USS, 3, 6 -x>F^^l/>f F7b K P^7k^ ^ 
;i/SL ^ ^^x> FV f u>f F 7 b FPi;K7 

c ti 60 1 «* /c« 2 ?I«±^«!fflT SCim*. 
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[0 03 7 ] T)i<t) Vl%mc{£m~CZ *>T)\st) 0 tux 
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[0 0 3 8 ] T;U# ';5^14^:Pl#b^^SGH 

Mm&ffl&m ^ r , # ;w ->;i/a#2f a 2 ft ft:,®* 

Wbli?^#ptf£ft£ o J^B^a*. *^HjCD^t£ 
ti«gcDfcB^JMW<b br±^c?iJIBU/c 1 #^4nc 3 <g«± 

iHx#+^«III ; ^^y^x-f;i/Sx^+^i 
Jig ; *J>9 y fV>)\>7 5 >Ix#+Mfi)IS ; ty*. x;vgy 
xtf^fiMl; 7xxu>ix^«f©2gf^x 

[0 0 3 9 ] *^^ s B B^^-1^-ffi^ffliS^«. 

fc^CDlB jttttWflB©*W» W 5-95 Wl»r * *. * 

£1 ; T-te F7x7>, 2, 

jl/T-fe by 1, l-^^OD7-feF7x/>? 

CDT-fe ; 2 -^?-;UT> h^ + y>, 2- 

75^7>h7^^>, 2- t -^^-;UT> h7^/ 
X 1-^du7> h^^y>^(DT> by*s>M ; 
2, 4-^^^5 L **1f>h>, 2, 4-^V7'0 
h>, 2 - {7aanr*y-> b>m<D? 

> |^>|| ; 7-fe h7 x>>^ W^-^k ^ 
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>f©^>V7xy>I ; 2 ~y 1 - [4 - U 

^MU^tf) 7xXJl/] - 2 -*Jl/*y y-7'P^>- 1 
2 — "Ot^1/-2 -i/y?Jl/7 5 1 - (4 
-^;I/^'J^7xXjl,) - :?* £ y > - 1 ;7^>WX7 

[0 04 0 ] C ti6©3iai-&H«&*J« 1 «* fctt 2 a« 

±<Dm£m±ux&m$ft. adtffisu&t. saws* 

SfSSMcttU 0. 5-3 OSaSPfflt^iil^ 

*fc, *a^*ftW*3omtaj*iHA.riB^Lrt 1 
^ y v h«*^. 

[0 04 1 ] #JR3»J<!: Lttt, ^*fcfctt6K^J5J£«: 

g^urffflt^cims, jssjfettffimi o o«a 
risers cij&sjfiF* lc> 0 

20 [0 042 ] ^£t/TtehJUx>, *^>U>^F<D^b 

;i*;ffll*oy^ »K^^trh-;i/ % (^) 
eu>^y ^^Jl/x-x^T-fer- h^^x 

U > ^ y n ^bx- 7*;l/^<z>x - r 

[0 04 3 ] yiy^J^m^mt^mcU. * V 
t/v^feS. ^v^l'S^tt^y nv^iim 
30 T^»Jx^r;k «5U*>r^yu-h, 

y^^^u-h, %?t y^^<>-tf>*x**-h*©55 

^CDtrxjux^^^^&y^- ; (y ^) T # y u 

-h, xf;K^^)7^yu-F, (M 7 

^'ju-F, i3-bFP+^x^M^«ri"Ju- 
(2-**y-l, 3-^V7>-4->f;H 
40 -yw(^^)7^'Ju-K (^)x^u>^ya 

^) y h 'J^f 0-;l/7'aA>y 

$?) y K ^>^xy x y h-;ur Yy (J 

7t> y u- h, ^>^x y x y h-^-^^-y- (y 

*) y U- h y ^ (t Fo + ^xfJb) ^ v^> 
T5? U- h<Dh y ^) £) T 

^yjU^^eyv-; hJ7'J^>7^U-Ff«M 

ft 6 r * ^ D c ft e> i a * tc tt 2 a K±ffll t > s c 4 *s r 

50 ^-So 
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CLAIMS 



[CbwnU)] 

(Claim 1] the liquid crystal ceil by which the liquid crystal constituent was enclosed between the 
sheet-Eke objects of two sheets estranged at fixed spacing — setting — alienation of a sheet- 
law object — tho photoporymer for liquid crystal spacers which is resin used in order to form the 
liquid crystal spacer which maintains spacing uniformly, and is characterized by making a partial 
saturation monobasic acid react to the epoxy resin which has three or more epoxy groups m 1 
molecule, and being obtained. 

[Claim 2} The photoporymer for liquid crystal spacers according to claim 1 in which chain 
extension is carried out by the chain elongation agent n which the above-mentioned 
photoporymer has two or more functional groups which have reactivity with an epoxy group 
and/ or hydroxy!. 

[Claim 3] The photoporymer for liquid crystal spacers according to claim I or 2 which is what has 
the alcoholic hydroxy) which the above-mentioned photoporymer introduced by making the 
phenol nature hydroxy) of the phenolic compound which has alcoholic hydroxy! to an epoxy group 
react. 

[Claim 4] The photoporymer for liquid crystal spacers according to claim I to 3 which is what has 
the carboxyl group which tho above-mentioned photopoiymer introduced by making a poJybasic 
acid anhydride react to a k: oho 6c hydroxy!. 

[Claim 5} The photoporymer for Squid crystal spacers according to claim 4 in which chain 
extension is carried out by the chain elongation agent rt which the above-mentioned 
photopoiymer has two or more functional groups which have reactivity with a carboxyl group. 
[Claim 6] The photopoiymer constituent for Bquid crystal spacers characterized by including the 
photopoiymer for Bquid crystal spacers according to cbim 1 to 5 as a principal component. 
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DETAILED DESCRIPTION 

(Detailed Description of the Invention] 
(0001] 

[Field of the Invention] this invention — the liquid crystal cell in a liquid crystal display — 
setting — alienation of the sheet-like object of two sheets of this liquid crystal cell which 
counters — while controlling spacing with High precision, about the resin for bqukJ crystal spacer 
formation and the constituent for maintaining uniformly, it is not the spacer of a bead mold 
conventionally well-known in a detail more, and is related with the photopolymer and constituent 
for forming the pHbr-shaped spacer using photolithography. 
(0002J 

[Description of the Prior Art] In the liquid crystal display, a liquid crystal constituent is between 
the sheet-tike objects (opposite substrate) of two sheets which open spacing of about several 
micrometers and counter, and is enclosed in the eel in which the closure of the edge section on 
ad sides was carried out. and it was formed with the epoxy resin etc. If spacing of opposite 
substrates is not correctly held uniformly at this time, since a liquid crystal layer win have 
thickness inclination, defectives, such as an irregular color and abnormalities in contrast, are 
generated. He allots in a liquid crystal cell by making glass or a polymer bead with uniform 
particle size distribution into a liquid crystal spacer, and was trying to keep spacing of a 
substrate constant from this. 

[0003] In recent years, spacers other than a bead are demanded with enlargement of a liquid 
crystal display, and vertical-mold-izing. For example, the technique which creates a pillar-shaped 
spacer using photolithography is indicated by JP.1 1-174464.A from the photopolymer which 
gfycidyl (meta) acrytate etc. was made to react to a part of carfooxyl group of the polymer which 
has a carboxyl group, and introduced the acryloyl (meta) radical into it_ 

[0004] However, when the amount of installation of an acryloyl (meta) radical was increased with 
this technique in order to raise a photoresist since a part of carboxyl group was permuted by the 
acryloyl (meta) radical, it will be said that the amount of carboxyl groups required in order to 
make alkali development property discover is not securable. and there was a problem that it was 
difficult to balance a photoresist and alkali development property. 
[0005] 

(ProblemCs) to be Solved by the Invention] Then, it can set to a targe-sized liquid crystal display, 
and the liquid crystal spacer which has a high photoresist for the purpose of offering the pillar- 
shaped spacer which can control and maintain uniformly spacing of the sheet-like object of a 
liquid crystal cell for a long period of time, and was excellent in properties, such as a mechanical 
strength, can be made from this invention, and moreover, development of the photopolymer and 
constituent which can give alkali development property is made into the technical problem, 
without sacrificing a photoresist. 
[0006] 

[Means for Solving the Problem] the liquid crystal cell by which the liquid crystal constituent was 
enclosed between the sheet-like objects of two sheets which estranged the photopolymer of 
this invention at fixed spacing — setting — alienation of a sheet-like object — it is resin used in 
order to form the liquid crystal spacer which maintains spacing uniformly, and has a summary at 



the place which is what a partial saturation monobasic acid is made to react to the epoxy group 
of an epoxy resin which has three or more epoxy groups in I molecule, and is obtained. Since the 
vinyl ester guided from this epoxy resin has many radical polymerization nature (photoresist) 
double bonds, such as an acryloyl (meta) radical, in 1 molecule, a photoresist is high and. 
moreover, can make the spacer for Squid crystal excellent in properties, such as a mechanical 

[0007] The configuration in which chain extension is carried out by the chain elongation agent in 
which the above m entioned photopofymer has two or more functional groups which have 
reactivity with an epoxy group and/or hydroxy! b the desirable embodiment of the photopofymer 
of this invention, ft is because it excels in the tuck free nature before exposure. 
[0008] You may have the alcohofic hydroxy! which the above-mentioned photopolymer made the 
phenol nature hydroxy! of the phenolic compound which has alcoholic hydroxy! to an epoxy group 
react further, and introduced, and the adhesion to the sheet-fike object of a pillar-shaped spacer 
becomes fitness further by existence of hydroxy! Moreover, although the amount of the 
photopofymerization nature double bond in a photopolymer will decrease as a result by making 
this phenolic compound react to an epoxy group, if a partial saturation monobasic acid is made 
to react to all the epoxy groups in en epoxy resin, when the amount of double bonds wiO increase 
too much and it wffl become weak, addition of this phenofic compound is effective. 
[0009] Alkali development property is discovered in it being what has the carboxyl group which 
the abov e m en tioned photopofymer made the pofybasic acid anhydride react further to the 
alcoholic hydroxy! generated by the reaction with an epoxy resin, a partial saturation monobasic 
acid a chain elongation agent, or the above me nt i o ned phenofic compound, and/ or the alcoholic 
hydroxy! of the above-mentioned phenolic compound origin, end introduced. Since a double bond 
is not consumed even if it gives alkali development prop er ty when introducing a carboxyl group 
at the reaction to the hydroxy! produced by installation of a photoresist double bond, a 
photoresist does not decrease. In addition, the above-mentioned photopolymer is the point that 
the configuration in which chain extension is carried out by the chain elongation agent which has 
two or more functional groups which have reactivity with the introduced above-mentioned 
carboxyl group can also attain the good tuck free nature before exposure, and it is the desirable 
embodiment of this invention. 



[The mode of implementation of invention] En this invention, it has the greatest description at the 
place which uses the vinyl ester guided from the epoxy resin which has three or more epoxy 
groups in 1 molecule as a photopolymer used as the principal component of the photopofymer 
constituent for forming a liquid crystal spacer. 

(001 1] It can use without being limited especially if it is the weD-known epoxy resin which 
averages in 1 molecule and has three or more epoxy groups as an epoxy resin used as the start 
raw material of the photopolymer of this invention. For example, polyfunctions! gfycidyl ether 
resin; phenol novotak mold epoxy resins and cresol novolak mold epoxy resins, such as 
po/y functional gfycidyl amineresin; te tra-phe nyt- glyc idyl— ether ethane, such as tetragtycidyl ether 
amino diphenytmethane: A phenol. The polyphenol compound obtained by the condensation 
reaction of phenolic compounds, such as o - ere sol. m— cresol, and a naphthol. and the aromatic 
aldehyde which has phenol nature hydroxy!. A reactant with epichlorohydriri; The polyphenol 
compound obtained by the addition reaction of a phenolic compound and cfiolefm compounds, 
such as a divinylbenzene and a dicyclopentadiene, A reactant with epichlorohydrin; A phenolic 
compound and the polyphenol compound obtained by the condensation reaction with xyfylene 
dichtoride, xyfylene wood ether, a xyfylene glycol, etc. A reactant with epichlorohydrin: the epoxy 
resin which has heterocycles. such as thing; tri gfycidyl isocyanurate which carried out 
epoxidation of the ring-opening-porymerization object of 4-vinylcyclohexene- 1 -oxide by the 
peroxy acid, is mentioned. Since the mechanical strength of the spacer after exposure hardening 
improves especially, the epoxy resin which has four or more ring parts on the average is 



[0012] The photopolymer of this invention and the so-called vinyl ester generate by making the 
carboxyl group of a partial saturation monobasic acid react to the epoxy group of the above- 
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mentioned epoxy resin, and introducing a photoresist (radical polymerization nature) partial 
saturation double bond into resin. Partial saturation monobasic acids are one carboxyl group and 
a monobasic acid which has one or more radical polymerization nature unsaturated bonds. The 
reactant of the hydroxy alky! (meta) acrytate which has an acrylic acid, a methacrylic acid, a 
crotonic acid, a ctrmarmc acid, beta-acryloxy propionic acid, one hydroxy!, and one acryloyl 
(meta) radical as an example, and a dibasic-acid anhydride, the reactant of the pofyfunctional 
(meta) acrytate which has one hydroxy! and two or more acryloyl (meta) radicals, and a dibasic- 
acid anhydride, etc. are mentioned. One sort or two sorts or more can be used for these partial 
saturation monobasic acids. One desirable especially has acryloyl (meta) radicals, such as an 
acrylic acid and a methacrylic acid. 

[0013] What is necessary is just to usually perform the reaction of an epoxy resin and a partial 
saturation monobasic acid at 80-130 degrees C under coexistence of reaction catalysts, such as 
an organic-acid salt of phosphorus compounds, such as imidazole compounds, such as 
quart emary ammonium salt, such as the third class amines, such as polymerization inhibitor, 
such as hydroquinone and oxygen, and trie thy tamine. and trie thy f benzyl amrnoniumchloride. and 
2-ethy!-4-methylimidazole. and triphenyfphosphine, and a metal, an inorganic- acid salt, or a 
chelate compound, under existence of diluents, such as a radical polymerization nature monomer, 
a solvent, etc. which are mentioned later, or nonexistence. 

[0014] By the reaction of an epoxy resin and a partial saturation monobasic acid, an epoxy resin 
turns into a photopolymer. As it is. although it is usable as a principal component of the 
photopolymer constituent of this invention, this photopofymer can also be used, after polymer- 
izing using a chain elongation agent 

[0015] When obtaining a photopolymer, the compound (chain elongation agent) which has two or 
more functional groups which all the epoxy groups in an epoxy resin may be made to react with a 
partial saturation monobasic acid, and have reactivity with an epoxy group, and the phenolic 
compound which has the alcoholic hydroxy! mentioned later may be made to react to an epoxy 
group. The reaction of an epoxy resin, a partial saturation monobasic acid, the above-mentioned 
chain elongation agent and the above-mentioned phenofic compound has the approach of 
making these reacting to coincidence, the approach of making it react gradually in order of 
arbitration, etc.. and can adopt all. 

[0016] By using the above-mentioned chain elongation agent, macromolecule quantification of 
the photopofymer can be carried out beforehand, and. thereby, the tuck free nature of the paint 
film before exposure and the photosensitivity at the time of exposure improve. As a chain 
elongation agent which has an epoxy group and the functional group which can react pofybasic 
acid as shown below, for example, a pofyhydric phenol, the pofyfunctional amino compound, a 
multiple -valued thiol, etc. are mentioned. 

[0017] Pofybasic acid has two or more carboxyl groups in 1 molecule, and a pile dibasic acid can 
use gelation for a lifting preferably especially in the case of pofymer-izing. For example, although 
a succinic acid, an adipie acid, a sebacic acid, an azebic acid, a fumaric acid, isophthafic acid, a 
terephthalic acid. etc. are mentioned, especially the thing for which the sum total of the carbon 
atom except being contained in an acid radical as pofybasic acid uses 18 or more long-chain 
dibasic acids from the point of giving the degree of hardness and toughness of a pillar-shaped 
spacer with more sufficient balance is desirable. 

[0018] As a concrete example of this long-chain dibasic acid, it 13 1 . 19-OKUTA decane 
dicarboxylic acid, and 1 and 16. -(6-cthyl hexadecane)- 1 Oicarboxytic acid. 18 -<7. 12-OKUTA 
deca diene>- The dimer acid obtained from dicarboxylic acid. Bnofic acid, etc.. hydrogenation 
dimer acid, both-ends carboxyl group content liquid pofybutadiene. both- ends carboxyl group 
content liquefied Butadiene Acrylonftriie. both-ends carboxyl group content liquefied pofyacryfic 
acid butyl, etc. are mentioned. 

[0019] A pofyhydric phenol has two or more phenolic groups in I molecule, and bisphenof A, 
tetrabromobisphenol A, Bisphcnol F. Bispheno! S. a bisphenol fluorene. resorcinol. hydroquinone. 



[0020] The pofyfunctional amino compound has the desirable pofyfunctional amino compound 
which has two or more amino groups in 1 molecule, and becomes a lifting from the amino group 



of the second cbss of a pPe about gelation especially in the case of many quantification, and a 
piperazine, 1, a 3-G (4-piperidyD-propane, a gay piperazine. piperazine terminal modification 
Butadiene Acrytonitrile, etc. are mentioned. 

[002 0 A multiple-valued thiol has two or more thiol groups in 1 molecule, and the esterification 
object of 2 and 2-danercapto diethytether. 1. a 2-dimercapto propane, I, 3-dimercapto propanol 
-2. a bis(2~mercapto ethyl) sulfide, thiogfycofic acid, and pofyhydric alcohol etc. is mentioned. 
[0022] When a reaction cannot advance comparatively easily due to low temperature like 
pofybasic acid or a pofyhydric ph enol in a chain elongation agent polymerization inhibitor and the 
third cbss amines, the third cbss phosphines. etc.. such as hydroquinone and oxygen, are 
performed at 80-130 degrees C under coexistence of a reaction catalyst under existence of the 
below-mentioned diluent or nonexistence. Moreover, when a reaction tends [ comparatively ] to 
advance at low temperature like the multiple— valued amino compound or multiple-valued thiol 
compounds in a chain elongation agent it can be made to react under coexistence of 
polymerization inhibitor, such as hydroquinone and oxygen, under existence of the below- 
mentioned diluent at ordinary temperature -80 degree C. 

[0023] Chain extension can be carried out in the photopofymer of this invention, using a 
compound with two or more functional groups which have the reactivity over the hydroxy! 
generated by the ring breakage of the epoxy group in the epoxy resin which is a start raw 
material, and the hydroxy! introduced by the reaction with the phenolic compound which has 
alcoholic hydroxy! as a chain elongation agent As such a chain elongation agent a pofyfunctional 
isocyanate compound, tetrabasic acid 2 anhydride, etc. are mentioned. 

[0024] As a pofyfunctional isocyanate compound, what has two or more isocyanate radicals can 
be used into 1 molecule, p-phenylene diisocyanate. 2. and 4- or 2.6-totuene diisocyanate. 
Xyfylene diisocyanate, 1 ,5-naphthalene diisocyanate. Hexamethylene di -isocyanate. 4. and 4- 
diphenylmethane diisocyanate. Diisocyanate. such as tofylene diisocyanate and isophorono 
diisocyanate; trf-isocyanate, such as triphenytm ethane triisocyartate. t and 3. and 6- 
hexamethylene tri-isocyanate. can be mentioned. 

[0025] As an example of tetrabasic acid 2 anhydride, aliphatic series L such as biphenyl 
tetracarboxytic dbnhydride. naphthalene te tra carbo x yfic dbnhydride. diphenyf ether 
tetracarboxylic dbnhydride, butane tetracarboxyfjc dbnhydride. cyclopentane tetracarboxytic 
dbnhydride, pyromelfitic dbnhydride. and benzophenone tetracarboxylic dbnhydride. ] or 
aromatic series 4 carboxyfic— acid 2 anhydride etc. b mentioned. 

[0026] The chain lenthening reaction b executable by reacting at room temperature -130 degree 
C under coexistence of urethane— ized catalysts, such as a tin chemistry object and a bad 
compound, when a chain elongation agent b a pofyfunctional isocyanate compound, and making it 
react at 80-130 degrees C. when a chain elongation agent is tetrabasic acid 2 anhydride. 
[0027] That into which alcoholic hydroxy! is introduced can also be used as a photopofymer of 
this invention. The introductory reaction of this alcoholic hydroxy! is performed by making the 
phenol nature hydroxy! of the phenolic compound which has alcohofic hydroxy! to an epoxy group 
react If the phenolic compound has phenol nature hydroxy! and alcoholic hydroxy!, an epoxy 
group will react with phenol nature hydroxy! preferentially- Therefore, the alcoholic hydroxy! 
through a phenoxy group will be introduced into this part by epoxy group ring breakage. On the 
other hand, the double bond of the partial saturation monobasic-acid origin b introduced into the 
place of other epoxy groups, and this part serves as a point constructing a bridge at the time of 
photopofymerization hardening. Consequently, from the point of a hardened material constructing 
a bridge, it will be separated by the ring and the alcohofic hydroxy! of the phenofic compound 
(minding phenoxy group) origin win be located. For thb reason, this hydroxy! cannot receive the 
constraint from the structure of cross linkage easily, and can work effective in the improvement 
1 of a spacer. 

] As a phenofic compound which has alcoholic hydroxy!, the hydrogen atom combined with 
the carbon of the ring of a phenolic compound permutes by the organic radicals (an alky! group, a 
cycbalkyl radical, ring, etc.) which alcoholic hydroxy! has combined, and alcoholic hydroxy! 
combines with a ring indirectly through an organic radical. In addition, this phenolic compound 
may have two or more alcoholic hydroxy! 3 or phenol nature hydroxyls. Moreover, the naphthol 
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which may have other substituents end has alcohofic hydroxy! further in addition to alcoholic 
hydroxy! and phenol nature hydroxy! shall be contained. 

[0029] As an example of such a phenolic compound A hydro ryroethyl phenol hydroxymethyl 
(screw) cresol. (Screw) Hydro xymethyl-G t-butylphenol. p-hydroxyphenyl-2-ethanol. p- 
hydroxyphenyV-3-propanol, a p- hydi uxyphenyl - 4-butanol, Hydro ryatkyl phenols, such as 
hydroxyethyt cresol. or hydroxyaOtyt cresol; A hydroxybenzotc acid. Carboxyl group content 
phcnofic c ompounds, such as a hydroxyphenyt benzoic acid and a hydroxy phenoxy benzoic acid 
An esterifieation object with ethylene glycol propy len e glycol glycerol, etc.; the rnono- 
ethyleneoxide addition product of a bisphenot the rnono--propylene oxide addition product of a 
bbphenol etc are mentioned, and these one sort or two sorts or more can be used. 
[0030] What is necessary is just to perform the reaction of an epoxy resin and a phenolic 
compound Eke a reaction condition with a partial saturation monobasic acid. Moreover, as much 
as possible, whether it performs any previously or each reaction performs aO to coincidence, it 
does not care about the reaction of en epoxy resin and a partial saturation monobasic acid, the 
chain lenthcning reaction performed as occasion demands, and the addition reaction of a 
phenofic compound. 

[0031] About the phenolic compound which has an epoxy resin, a partial saturation monobasic 
acid, a chain elongation agent, and alcoholic hydroxy!, it is desirable to make it react so that the 
sum total of the chemical equivalent of the epoxy group contained in the phenolic compo u nd 
which has s partial saturation monobasic acid, a chain elongation agent, and alcohofic hydroxy!, 
and the functional group which can react may become 0.8-1.1 mob to the 1 chemical equivalent 
epoxy group of an epoxy resin. Since the photosensitivity of a photopolymer. the mechanical 
strength of the spacer after tuck free nature or hardening, etc. become inadequate in less than 
0.8 mols. it is not desirable. Moreover, since unreacted objects will increase in number and the 
property fall of a hardened material may be caused even if it adds to the system of reaction 
exceeding 1.1 mols. it is not desirable. In addition, when making only a partial saturation 
monobasic acid react to an epoxy resin, it is good to use within the Emits of 0.8-1.1 mob. It is 
because the outstanding photoresist is discovered. 

[0032] When using an epoxy group and the chain elongation agent which can react, it is desirable 
to use so that a chain elongation agent may serve as range which is 0.02-0.8 mots to one mol of 
epoxy resins of a start raw material so that the epoxy group in a chain elongation agent and the 
functional group which can react may become 0.01-0.5 mols to the 1 chemical equivalent epoxy 
group in the resin in front of the chain lenthentng reaction. Also when using hydroxy! and the 
chain elongation agent which can react, it is desirable to make it react so that a chain elongation 
agent may become 0.02-0.8 mols to one mol of epoxy resins of a start raw material. 
[0033] When using the phenolic compound which has alcohobc hydroxy!, it is desirable to 
consider as the range of 0.01-0.6 mols to the 1 chemical equivalent epoxy group in an epoxy 
resin. In addition, when using an epoxy group, the chain elongation agent which can react, and/or 
the above-mentioned phenolic compound, it is desirable to make 0.4 mob or more of partial 
saturation monobasic acids react. It is because hardenebiHty win become inadequate if there is 
little partial saturation monobasic acid. 

[0034] In case a partial saturation monobasic acid is made to react to an epoxy resin, the 
monobasic acid which does not have radical polymerization nature double bonds, such as a 
phenolic compound Ct does not have alcoholic hydroxy!) which has a long-chain alky! group, a 
substHuent containing a ring, etc, and an acetic acid, a propionic acid a tactic acid. 12-hydroxy 
stearin acid dimethyfol propionic acid, may be used together. Although the class and the amount 
of these compounds used are suitably chosen according to each demand characteristics, such 
as the physical properties of a hardened material, while using 0.4 mols or more of partial 
saturation monobasic acids to the 1 chemical equivalent epoxy group in an epoxy resin, it is 
desirable to make it react so that the sum total with the functional group which has the 
reactivity of a partial saturation monobasic acid and the epoxy group in these compounds may 
serve as the 0.8 to 1.1 chemical equivalent to a 1 chemical equivalent epoxy group. 
[0035] In order to give alkali development property to the photopolymer of this invention, a 
potybasic acid anhydride is made to react to the alcoholic hydroxyl introduced by addition of the 
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the 1 00 mass sections of both sum total, when it is used as one sort or two sorts or more of 

mixture and uses a photopolymer and the radical polymerization nature compound mentioned 

later. Since a polymerization cannot happen easily even if it must increase optical irradiation time 

or performs an optical exposure when there are few amounts of a photopotymerization initiator, a 

suitable degree of hardness is no longer obtained. Moreover, even if it blends a 

photo polymerization initiator exceeding 30 mass sections, there is no merit 

[0041] the radical polymerization nature compound which can participate in a solvent or a 

pHo to polymerization reaction as a diluent — one sort — or two or more sorts can use it, mixing. 

It is desirable to blend the 5 - 500 mass section according to the optimal viscosity of the coating 

approach to the photopolymer 1 00 mass section. 

[0042] As a solvent, ether, such as ketones; (**) ethylene glycol wood ether L such as an ester, 
methyl ethyl ketone ]. such as carbitol; ceUosotve acetate, such as cello solve: carbitols. such as 
hydrocarbons; cellosolves. such as toluene and a xylene, and butyl ceflosotvo. and butyl carbitol. 
acetic-acid carbitol. and (**) propyteno-glycol-monomethyl-ether acetate, etc is mentioned. 
[0043] There are oligomer and a monomer in a radical polymerization nature compound. As 
radical polymerization nature oligomer, unsaturated polyester, lb- ethane acrytate. polyester 
acrylate. etc. can be used As a radical polymerization nature monomer Styrene. alpha methyl 
Styrene. alpha-chJoro styrene. vinyftoluene. Aromatic series vinyl system monomers, such as a 
divinytbenzene. diaOyl phthabte. and diary! benzene phosphonate; Vinyl acetate. Vinyl ester 
monomers, such as adipic-acid vinyl; Methyl (meta) acrytate, Ethyl (meta) acrylate. butyl (meta) 
acrytate. beta-hydroxyethyl (meta) acrytate. (2-oxo — 1 and 3-<Soxolane-4-IRU)-methyl (meta) 
acrylate. (**) — ethylene GURIKORUJI (meta) acrytate and propylene GURIKORUJI (meta) 
acrytate — TORIMECH1 roD pro pansy (meta) acrytate. TO RIME CHI roll pro pantry (meta) 
acrytate. Acrylic (meta) monomers, such as Tori (meta) acrytate of pentaerythritol tetrapod 
(meta) acrytate. dipentaerythritol hexa (meta) acrytate, and tris (hydroxyethyl) isocyanurate; a 
triaryl SHIANU rate etc. is usable, these — one sort — or two or more sorts can be used. 
[0044] bn the photopolymer constituent of this invention, well-known additives, such as fillers, 
such as talc. clay, and a barium sulfate, a color, a pigment, a defoaming agent, a coupling agent, a 
levefing agent, a sensitizer, a release agent, lubricant, a ptasucizer. an antioxidant, an ultraviolet 
ray absorbent a flame retarder. a polymerization retarder. and a thickener, may be added further 
if needed. Moreover, epoxy curing agents, such as epoxy resins, such as a novolak mold epoxy 
resin, a bisphenot mold epoxy resin, cycloaliphatic epoxy resin, and trigtycidyl ISO SHI nurate, and 
a AcyaneSamide. an imidazole compound, or the dioxa ZORIN compound may be blended. 
[0045] The photopolymer constituent for liquid crystal spacers of this invention is used in order 
to form the pillar-shaped spacer for controlling and maintaining correctly spacing of the sheet- 
like object (opposite substrate) of two sheets with which the bquid crystal cell with which the 
liquid crystal constituent in a liquid crystal display was enclosed counters. That is. a spacer is 
formed through patterning, and exposure and development. 

[0046] A liquid crystal spacer is manufactured as follows. On the sheet-like object which should 
form a Bquid crystal spacer, coating end desiccation of the photopolymer constituent of this 
invention are done at thickness it is thin en the height of the spacer of a request after 
desiccation. Especially the coating approach is not limited but adoption of a weD-known 
approach is possfele for it 

[0047] Subsequently, on the above-mentioned paint film, it is in a contact condition, or the photo 
mask (patterning film) by which pattern formation was carried out so that light might pass into 
the part which should form a pillar-shaped spacer is carried in the state of non-contact, and is 
exposed. Openings, such as circular and a polygon, are prepared in a photo mask, having 
corresponded to the cross-section configuration of a pillar-shaped spacer. The number of 
spacers, spacing, magnitude, a configuration, an installation consistency, etc. are suitably 
changed according to an application. 

[0048] After exposure removes a photo mask and develops it in a solvent or an alkali water 
solution. Since the paint film which consists of a photopolymer constituent of this invention is 
excellent in tuck free nature even if it is before exposure, even if it is **+*(ing) the photo masV 
in the state of contact it can exfoliate easily and can reproduce a pattern correctly. You may 



hydroxyl generated by the reaction of an epoxy resin and a partial saturation monobasic acid, 
and/or said phenofic compound. An acid- an hydride radical carries out ring breakage, and a 
carboxyl group is introduced through an ester bond. Alkali development property can be given in 
this invention, without being able to control the amount of double bonds freely and sacrificing 
photosensitivity, in order to make an acid- anh ydride radical add to hydroxyl bi order to make 
good alkafi development property discover, it b desirable to make the acid number per 1g of 
photopotymcrs into 30 or more mgKOH/g. and it b good to make 0.1-1.1 mob of potybasic acid 
at +i ydr ides react to the I chemical equivalent hydroxyl in reaction pair elephant resin. 
[0036] As an acid anhydride, tetrabasic acid, such as dibasic-acid anhydrides [. such as phthafic 
anhydride, succinic - an hy d ride, ma ic ic" anhydride, tetrahydro phthafic anhydride hexahydro 
phthafic anhytkrdo. methyl— cyctohexeno— dicarboxybc— anhydride. 3, and 6— and methylene 
tetrahydro phthafic anhydride, methyl and methylene tetrahydro phthalic anhydride, tetrabromo 
phthafic a nhydride, and trimetlitic acid 1 above-mentioned afiphauc series, or aromatic series 4 
carboxyfic- aci d 2 a n hy d ride. 2 anhydride etc b mentioned, and these one sort or two sorts or 
more can be used. A reaction condition can be made to react to the bottom of existence of a 
cfibent or nonexistence on 80-1 30-degree C conditions under coexistence of ring-opening- 
reaction catalysts, such as the third class amine, according to polymerization inhibitor and need, 
such as hydroqumono and oxygen. 

[0037] As alkafi which can be used for alkafi development For example, elkafine earth metal 
compound; ammonia L such as an attofi-metaHcompound; calcium hydroxide ], such as a sodium 
ca r b o na te, potassium carbonate, a sodium hydro x id e , and a potassium hydroxide; 
Monontethytamine. Dimcthytamino. a trnrtethybmtne. a monoethyl amine, diethytamine. 
Triethy famine, a moncpropy! amino, dimethyl propylamine. Monoethanolamine. dbthanobmine. 
triethanobmine. Water-soluble organic amines, such as ethylene (fin mine, diethylenetrbmine. 
danethybminoethyl mcthacrytate, and polyethytenetmme. are mentioned, and these one sort or 
two sorts or more can be used. 

[0038] In addition, the chain lenthenirtg reaction of the photopolymer with which the carboxyl 
group was introduced in the range which does not check alkali development property using the 
chain elongation agent which has a carboxyl group and two or more functional groups which can 
react may be performed. Thus, by carrying out ma cromobcute quantification, the tuck free 
nature of the paint film before exposure and the photosensitivity at the time of exposure can be 
raised more. An epoxy compound, an oxazofine compound, etc are mentioned as such a chain 
elongation agent Bbphenol mold epoxy resin; cycloafiphatic-epoxy-resin; digtycidyl ester mold 
epoxy resin; digtycidyl ether mold epoxy resin; digtycidyl amine mold epoxy resin; biphenyt mold 
epoxy resins, such as the bbphenol A mold besides [ which specifically has three or more epoxy 
groups in 1 molecule fisted upwards as a start raw material of the photopolymer of this 
invention ] an epoxy resin, a to trab romobbphenol A mold, a bbphenol smooth S form, and a 
bb p henol female mold; 2 orgariicHunctions epoxy resins, such as a phenytene mold epoxy resin, 
etc are mentioned. Moreover, a double bond installation reaction may be further performed using 
the functional group which exists in resin. 

[0039] The cBuent b blended with the photcpotymerization initiator if needed with the 
photopolymer which explained the resin constituent for liquid crystal spacers of this invention 
above. In addition, the content of the photopolymer when making the resin constituent for liquid 
crystal spacers of this invention into the 100 mass sections b 5 - 95 mass section. A thing well- 
known as a photopoh/merization initiator can be used Specifically A benzoin. Benzoins and its 
alky! ether, such as benzoin methyl ether and benzoin ethyl ether An acetophenone. 
Acwtcohenones:2-methyl anthraqumone. such as 2 and 2-cfimethoxy-2-phenyl acetophenone. I. 
and t-dichtoro acetophenone, Anthraquinone. such as 2 -amy! anthraquinone. 2-t-butyt 
anthraquinone, and 1-chloro anthraquinone; 2. 4-dimethyl thioxan ton. Thioxan tons, such as 2. 
4-dfisopropyi thioxan ton. and 2-chloro thioxan ton; Acetophenone dimethyl ketal. Ketal L such 
as benzyl dimethyl ketal. ]; benzophenones L such as a benzophenone. ]; — the 2 -me thy! -1 - 
[4-Cmethylthio) phenyO-2-morpholino-propane-t-ON and 2-benzyt-2-dimethytamino-l-<4- 
morphofino phenyl)- butanone-1; acy! phosphine oxide And xanthones are mentioned. 
[0040] These photopolymerization initiators are as good as **** for 0.5 - 30 mass sections to 
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heat after development if needed. In addition, halogen system solvents described above on the 

occasion of solvent development such as a solvent and trichloroe thane, are usable. 

[0049] Moreover, a photopolymer constituent cannot be applied on a direct sheet-like object but 

it can also be used with the gestalt of the dry film (a protection film is stuck) which applied to 

base material fibns, such as polyethylene terephthatate. and they were made to dry beforehand 

In this case, what b necessary is to carry out the laminating of the dry film on a sheet-like 

object and just to exfoliate a base material film before exposure or after exposure. 

[0050] As a sheet-Eke object a glass substrate and plastic film may be used and the orientation 

film which consists of silicon or potyimide. a protective coat a transparent electrode, etc. may bo 

formed. 

[0051] The spacer which are the photopolymer constituent of this invention and its hardened 
material shows the adhesion excellent also in glass or plastic film. Moreover, it can also prevent 
the mechanical strength of a hardened material (liquid crystal spacer) becoming high, and a 
spacer becoming weak by controlling the amount of a double bond while it can obtain the spacer 
excellent in dimensional accuracy, since the photopolymer in a constituent b guided from the 
epoxy resin which has three or more epoxy groups in 1 molecule and there is little contraction 
by the polymerization. 

[0052] Therefore, spacing of sheet-like objects can be uniformly controlled as a spacer for a 
long period of time, without Staruhg un- arranging, such as a crack, also to the pressure by being 
inserted into the stress and the sheet-like objects at the time of enclosing a liquid crystal 
constituent 
[0053] 

[Example] Hereafter, an example explains this invention concretely. In addition, the section in an 
example and % are mass criteria. 

[0054] synthetic example 1 cresol novolak mold epoxy resin EOCN 1 04 S (the Nippon Kayaku 
make — ) In the weight-per-epoxy-equrvalent 220 220 section, the acryfic-acid (partial 
saturation monobasic acid) 72 section. The ethyl carbitol acetate 122 section, the triphenyt 
phosphine 1 .5 section, and the methyl hydroquinone 0 2 section are added. After checking that ft. 
was made to react at 1 10 degrees C for 10 hours, and the acid number of a reactant 
(constituent including a solvent etc) has been set to 5.4. Added the tetrahydro phthaKc 
anhydride 74 section, it was made to react at 100 more degrees C for 5 hours, and the ethyl 
carbitol acetate solution (A- 1 ) which contains a carboxyl group content photopolymer (acid 
number 8 1 ) 75% was obtained. 

[0055] In the cresol novolak mold epoxy resin 220 same section as what was used in the 
example 1 of synthetic example 2 composition The acrylic-acid 63 section, the 
tetrabromobbphenol A 36 section (chain elongation agent). The ethyl carbitol acetate 133 
section, the triphenyt phosphine 1.6 section, and the methyl hydroquinone 0.3 section are added. 
After checking that it was made to react at 1 10 degrees C for 12 hours, and the acid number of 
a reactant (constituent including a solvent etc.) has been set to 3.2. Added the tetrahydro 
phthafic anhydride 81 section, it was made to react at 100 more degrees C for 5 hours, and the 
ethyl carbitol acetate solution (A-2) which contains a carboxyl group content photopolymer (acid 
number 79) 75% was obtained. 

[0056] Added the acryfic-acid 120 section, the p-ltydroxyphenyt-2-ethanol (phenolic compound 
which has alcoholic hydroxyl) 55 section, the ethyl carbitol acetate 246 section, the triphenyt 
phosphine 3 section, and the methyl hydroquinone 0.5 section to the synthetic example 3 cresol 
novolak mold epoxy resin YDCN-703 (Tohto Kasei make, weight per epoxy equivalent 200) 400 
section, it was made to react at 1 10 degrees C for 12 hours, and the ethyl carbitol acetate 
solution (A-3) which contains a photopolymer (acid number 9) 70% was obtained. 
[0057] Added the tetrahydro phthafic anhydride 66 section to the solution (A-3) 400 section 
obtained in the example 3 of synthetic example 4 composition, it was made to react at 100 
degrees C for 5 hours, and the ethyl carbitol acetate solution (A-4) which contains a carboxyl 
group content photopolymer (acid number 79) 74% was obtained. 

[0058] Added the bisphenol A mold epoxy resin GY-250(Ciba-Geigy make, weight-per-epoxy- 
equrvalent 185. chain elongation agent) 4 section to the solution (A-4) 200 section obtained in 
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the example 4 of synthetic example 5 composition, it was made to react et 1 10 decrees C for 5 
hours, and the ethyl carbitol acetate solution (A-5) which contains a carboxyl group content 
photopolymer (acid number 69) 75\ was obtained. 

(0059] synthetic example 6 phenol novolsk mold epoxy resin EPPN-201 (the Nippon Keyaku 
make — ) In the weig h t per-epoxy-equivatent 187 400 section, the p--hydroxyphenyr-2-ethanol 
59 section. The ecry&c-acid 64 section, the methacryljc-acid 76 section, the ethyl carbitol 
acetate 237 section. The triphenyl phosphtne 3 section and the methyl hydroquinone 0.S section 
are added. After checking that it was made to react at 1 10 degrees C for 12 hours, and the acid 
number of a reactant (constituent including a solvent etc.) has been set to 6.6. Added the 
tetrahydro phthebc anhydride 65 section and the succinic - anhydride 43 section, it was made to 
react at 100 more degrees C far 5 hours, and it was checked that the acid number of a reactant 
(constituent including a solvent etc) had been set to 57.3. Then, added the phenol novdak moid 
epoxy resin 5 section used as a start raw material (chain elongation agent), it was made to react 
at 1 10 degrees C for 5 hours, and the ethyl carbitol acetate solution (A-6) which contains a 
carboxyl group content photopolymer (acid number 71) 75% was obtained 
[0060] In the btsphenol A mold epoxy resin 185 section used in the example 5 of the example 
composition of comparison composition Add the acry6c-ecid 72 section, the ethyl carbitol 
acetate 1 03 section, the tnphenyl phosphine 1.3 section, and the methyl hydroqumono 0.2 
section, and it is made to react at 1 10 degrees C for 10 hours. After checking that the acid 
number of a reactant (constituent inducing a solvent etc.) has been set to 4.6. Added tetrahydro 
phthafic anhydride 66 ****. it was made to react at 100 more degrees C for 5 hours, and the 
ethyl carbitol acetate solution (B-l) which contains the carboxyl group content photopolymer for 
a comparison (acid number 81) 75% was obtained 

[0061] Using examples 1-6 and each solution obtained example of comparison 1. according to 
the combination presentation shown in Table 1 . the photopolymer constituent was prepared and 
die following approaches estimated 

[0062] Tuck free nature was evaluated by finger touch about what appfied the [tuck free nature] 
class product to homogeneity on the glass plate so that the film thickness after desiccation 
might be set to 5 micrometers, and dried it at 80 degrees C aD over the hot blast circuit system 
drying furnace for 30 minutes, and the thing dried for 60 minutes. In the case of the example 1. 
the tuck was sensed small by desiccation for 30 minutes, but a tuck is no longer accepted at aO 
by desiccation for 60 minutes. As far the tuck, neither of the cases was accepted in the 
examples 2-6 for 60 minutes for 30 minutes. As for the example of a comparison, the tuck was 
notably accepted after 60-mtnute desiccation. 

[0063] The dry paint film {drying-time 60 minutes) was formed like the time of [development 
nature] tuck free nature evaluation. About examples 1, 2. 4-6 and the example 1 of a 
comparison, developm en t was respectively performed [ example / 3 ] for 80 seconds under the 
pressure of 2.1kg/cm2 using 20- degree C tjichJoroethane 1 30-degree CV using Na2C03 water 
solution. On the glass plate, an example and the example of a comparison did not remain, but. as 
for the resin paint Film, showed good development nature 

[0064] The dry paint film (drying-time 60 minutes) was formed like the time of [resolution] tuck 
free nature evaluation, the quantity of light of 500 mj/cm2 was irradiated with the IkW ultrahigh 
pressure mercury tamp through the photo mask of a 10 micrometer* 1 0-micrometer pattern, and 
the paint film was stiffened. Negatives were developed on the same conditions as the time of 
development nature evaluation, and resolution was evaluated Although the deficit (an angle 
becomes round) was accepted in part in about ten percent of the obtained pillar-shaped pattern 
in the example 1. it was extent which is satisfactory practically. Moreover, in the examples 2-6. 
abnormalities were accepted in no patterns. On the other hand, in the example of a comparison, 
that in which the thing and the pattern itself to which a part of pattern suffered a loss have 
exfoliated from the glass plate had more than the moiety in a pattern. 
[0065] After exposing and stiffening a pattern lite the time of [homogeneous] resolution 
evaluation, post**-KU was carried out for 30 minutes at ISO degrees C. When the variation in 
the thickness of the obtained pattern was evaluated in the examples 1-6. variation is less than 
**0.1 micrometers, and homogeneity sufficient as a Squid crystal spacer was shown. Variation is 



accepted exceeding **0.1 micrometers and the example of a comparison is unsuitable as a 
spacer. 

[0066] After exposing and stiffening a pattern tfce the time of [hardening paint film on-tho- 
strength] resolution evaluation, postbake was carried out for 30 minutes at 1 50 degrees C. The 
reinforcement of the obtained hardening paint film was measured with the Shimazu 
microhardness tester, and the result was written together to Table 1. 
[0067] 
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[0068] 

[Effect of the Invention] This invention carries out fixed formation of the column- P ie liquid 
crystal spacer on the sheet— like object which constitutes a liquid crystal cell using the 
constituent which uses as a principal component the photopolymer guided from the epoxy resin 
which has three or more epoxy groups in 1 molecule. WhHe this constituent has the outstanding 
photosensitivity, alkali development is also possible far it Moreover, since it excels also in the 
mec h a n ical physical properties of a hardened material, after forming a Bquid crystal spacer, it 
does not start un— arranging, such as a crack, at the time of pressurization. Therefore, it can also 
set to a large-sized liquid crystal display, and spacing of the sh ee t- l ik e object of a liquid crystal 
cell can be uniformly controlled and maintained now for a long period of time. 



[Translation done] 
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